assumed that the roughness is frozen over a short time period at which the complex 78 acoustic pressure of the scattered harmonic wave needs to be measured. This is true 79 because the speed of sound in air c 0 = 340 m/s is much faster than the maximum 80 phase velocity U = U 0 +c p at which the surface roughness pattern on the flow surface 81 of a typical shallow water river with the mean depth h will propagate, i.e. c 0 ≫ U.
82
Here U 0 denotes the flow velocity and c p = √ gh is the phase velocity of the gravity 83 waves, g is the gravity.
84
In this paper the scattering from a rough surface is approximated by the tangent 85 plane approximation as suggested in [3] . We assume that the surface is rigid which is 
where a is a radius of the sphere locally inscribed in rough surface. The condition in 
so that the Kirchhoff approach remains accurate for the incident angles far from the 95 low grazing angles. In this paper condition (2) is used in the numerical simulation 96 to define the surface.
97
Assuming that the distances from the source R 1 and receiver R 2 to a given point 98 on the mean surface (see Figure 1 ) are much greater than the acoustic wavelength 99 and using the Kirchhoff method, the scattered acoustic pressure can be approximated 
where ζ(x) is surface elevation and
Assuming that the surface is smooth, ∂ζ(x)/∂x ≪ 1, equation (3) can be simplified 
If the profile of the surface ζ(x) is known than the integral in equation (8) 
where all the terms with the index m are defined at points x m , m = 1, ..., M on the 117 surface S 0 . Equation (9) can be rewritten in the form of a scalar product of two
where
recorded at more than one receiver positions that the acoustic pressure vector P
121
with N elements can be formed. With multiple receiver positions defined by the 122 coordinates (x 2,n , z 2,n ), n = 1, ..., N, equation (10) needs to be converted into the 123 matrix form in order to apply the matrix inversion.
124
One way of deriving the matrix form is to isolate the unknown elevation of the of the specular point defined by the angle ψ 0 as shown in Figure 1 . This gives
where the elements of the matrix H N ×M are defined by
and unknown vector E M ×1 is given by equation (11) with q z,m defined by the receiver 131 positioned at the specular angle ψ 0 . The form of equation (13) 
Applying the SVD to equation (13) and using the definition of the unitary matrix 149 the unknown vector E M ×1 can be expressed in the following form 
and β is the regularization parameter. In or-
156
der to adjust parameter β we used the generalised cross validation (GCV) technique.
157
This technique requires to minimize the following function
in which r β is the residue defined by l 2 -vector norm
The argument (phase) of each element of vector E M ×1 provides information about 160 the surface elevation. In order to retrieve the phase from matrix equation (18) 161 the complex natural logarithm is applied element-wise to the results of the matrix 162 product. This yields
where profile {ζ m } at the points {x m } can then be deduced as
where e m is an element of the vector E M ×1 .
171
The fact that the proposed inversion largely depends on the proximity of a surface 172 point to the specular point leads to the idea of replacing the directional source with 173 simple monopole with a unit amplitude. As a result, the elements of the matrix
174
H N ×M can be simplified to 
178

IV Results
179
In this paper, validation of the proposed inversion method (equation (23) 
where σ is the standard deviation of the rough surface elevation (mean roughness 208 height), K n is wavenumber in the surface roughness spatial spectrum, τ n is phase 209 which value is randomly generated and amplitude C n is defined by the correlation 210 function of the waves of which the surface roughness pattern is composed and it is 211 proportional to the wavelength l n of the n-th harmonic in the Fourier expansion so
In particular the amplitude of each term in the Fourier expansion is linked to the 
where the deduced surface elevation ζ p (x n ) and measured surface elevation ζ m (x n ) 235 are taken at the point x n .
236
The regularization parameter β was selected in accordance with equation (19). the decrease in the number of receivers causing the inversion process to become more 241 unstable.
242
In order to understand the range of scales which can be recovered with equation of roughness scales, i.e. those scales which are at a l n < 6.3 mm spatial wavelength.
309
This can be explained by the limitations of the Kirchhoff approximation (equation
310
(8)) as the local radius of curvature increases with the decrease of the surface scales.
311
It is difficult to obtain a useful measure of the error between the measured spec- 
where a and b are some coefficients which can be adjusted to fit the data in the least 319 mean square sense, andS(K) is the power spectrum. In this paper we demonstrate the derivation of an inversion method based on the 
